Getting staffing levels wrong in hospitals is linked to excess mortality and poor patient experiences but establishing the safe nurse staffing levels in the emergency department (ED) is challenging because patient demand is so variable. This paper reports a review conducted for the National Institute for Health and Care Excellence (NICE) which sought to identify the research evidence to inform UK nursing workforce planning.
Introduction
Inadequate staffing levels in hospitals has been linked to excess mortality and poor patient experiences [1] [2] [3] [4] . Safe nurse staffing requires that there are sufficient nurses with the required skills to meet patient needs, and that they are organised and managed in a way that enables them to deliver the highest quality of care possible. Establishing a safe nurse staffing level is a key challenge, notably in the Emergency Department (ED) where the acuity and quantity of patient demand is highly variable. Demands on EDs both nationally and internationally are increasing. In England, the number of patients attending consultant-led 24-hour EDs with full resuscitation facilities has risen by approximately 12 per cent [5] . Waiting times in major EDs have also risen: the percentage of patients seen in 4 hours or less fell from 93.5% in 2013/14 to 88.9% in 2014/15. The number of patients waiting on a trolley for admission increased from 33,909 in the winter of 2010/11 to 105,770 in the winter of 2014/15 [6] . These increasing demands have implications for safe staffing nursing requirements.
We conducted an evidence review for the National Institute for Health and Care Excellence (NICE) to identify research that could inform nursing staff requirements to support safe care in EDs across the UK. The review followed established NICE methodology for developing public health guidance [7] and while directed towards UK policy, it includes international evidence to inform global debates about safe nurse staffing.
For the purpose of this review, we defined EDs as consultant-led 24-hour services with full resuscitation facilities and designated accommodation for Accident and Emergency patients (sometimes referred to in the UK as a Type 1 ED). The nursing team was defined as those delivering 'hands on' nursing care to adults and children, to meet fundamental needs and providing technical care, including medication administration and necessary administrative work. Nurse staffing focused on the size and skill mix (number of registered nurses in proportion to healthcare assistants) of the nursing team relative to the number of patients cared for, expressed as nursing hours per patient day (the number of hours worked by registered nurses and healthcare assistants divided by the number of patient hours over a 24-hour period), nurse patient ratios or an equivalent measure.
Our remit, agreed with NICE, was to review the literature reporting studies at department and organisation level to address six questions: For all questions we also considered relevant economic evaluations.
Methods

Search strategy 4
We searched ten electronic databases (Embase, CINAHL, CENTRAL, HTA, CDSR, DARE, NHS   EED, Studies focused on service redesign or reconfiguration, and those which looked exclusively at other members of the multidisciplinary team, including emergency nurse practitioners (ENP) or advanced nurse practitioners (ANP), were excluded. Likewise, we did not examine studies of single specialty EDs (ophthalmology or dental) or non-consultant (attending) led minor injuries units. Since aggregated findings allow the identification of issues at organisation level, potentially concealing variation at the level of units within organisations, work about nursing workforce planning or recruitment at network, regional or national levels was excluded.
Quality appraisal
A quality appraisal checklist based on the risk of bias assessment for cross-sectional studies published by NICE [7] which was used in a previous review on safe staffing in acute 5 care settings [8] was used to assess risk of bias. Initial screening consisted of rapid exclusion based on title/abstract completed by one reviewer with a random 10% check by a second researcher. Any disagreements were resolved by recourse to a third independent reviewer. Studies were rated for internal and external validity separately and corroborated by two researchers.
Search results were downloaded into the reference management software Endnote. Data were extracted on study aims, context/setting, research design, sample type and size, patient/nurse level risk adjustment, intervention, outcomes, conclusions. Summary tables of extracted data were produced and synthesized in a narrative form.
Results
We identified 16,132 items via databases and 2,193 items through manual and other searching. After title/abstract screening (by one reviewer, checked by a second) 55 studies underwent full paper assessment and 18 studies met the criteria and were included in the final review (see Figure 1 ). Three simulation studies that reported simulated rather than measured outcomes are not reported here as we did not have access to details of the primary data collected, analyses and estimated relationships used to develop these simulations. Figure 2 illustrates the dispersed evidence currently available to inform nurse staffing in ED settings. Some studies looked at more than one outcome; most outcomes were examined in single studies, making it difficult to identify trends or meaningful patterns.
Figure 1. Study selection flowchart -here
Figure 2. range of outcomes measured -here 6
Below we present the evidence provided by the studies structured around the research questions.
Patient outcomes associated with nurse staffing (review question 1)
Nine studies explored the relationship between outcomes and nurse staffing [9] [10] [11] [12] [13] [14] [15] [16] [17] ( Table   1 ). The majority of these (six out of nine studies) were observational studies undertaken in single ED departments, which received between 30,000 -180,000 patients per year. Seven out of nine studies were completed in the USA. Most of the studies were assessed as high risk of bias, limited on internal (five out of nine) or external validity (eight out of nine). A particular risk of bias associated with many studies was that the relationships reported are influenced by endogeneity (both outcomes and staffing levels are influenced by patient need), which could result in attenuated staffing outcome associations or apparent counterintuitive results whereby higher staffing levels are associated with worse outcomes.
Outcomes reported included patient waiting times, time spent in the ED patients who left without being seen, patient satisfaction, medication errors, time to aspirin or antibiotic administration, and ambulance diversion. The evidence regarding patient waiting times is mixed. However, there is evidence that lower levels of ED staffing are associated with increased levels of patients leaving without being seen. Studies in the USA [11] found shortstaffing of registered nurses to be a predictor of a higher number of patients leaving without being seen (OR 2.4, 95% CI 1.3-4.5, p ≤ 0.006); the number of nursing vacancies (FTE) was strongly correlated with the percentage of patients leaving without being seen (r = 0.89, p = 0.007) [12] and registered nurses to patient ratio was significantly associated with odds of patient leaving without being seen (OR 6, 95% CI 2.3-15.4) [13] .
Time spent in an ED bed before discharge or transfer to an inpatient bed was reported to increase [10] when nurse staff was out-of-ratio (ratios defined as 1:1 for trauma resuscitation patients, 1:2 for critical patients, 1:4 for all other ED patients), with 37% longer care time [95% CI = 34% to 41%, p < 0.001] in two sites combined. Increases in nurse staff skill mix was associated with increased patient satisfaction [15] . Longer lengths of stay for patients in ED were associated with an increase in hospital occupancy rates, additional patients admitted to the wards and the number patients admitted to ICU from 7 the ED [16] . No association was found between ED nurse staffing medication errors, time to antibiotics, ambulance diversion or patients' time in the ED. * Internal/External validity (+,-). The summary bias assessment was completed from a detailed evaluation that considered risk adjustment, data completion and sampling strategy across data sources, outcome types, and levels. Ratings were summarised to give a + for some of the assessment criteria fulfilled and conclusions unlikely to change or -for few criteria fulfilled and conclusions likely to change. During quality assessment, no studies were rated ++ indicating that the method was likely to minimise bias or with conclusions unlikely to change.
Staffing, patient, organisational or environmental factors and nurse staffing requirements (review questions 2-5)
With regards to other staffing, patient, organizational, and environmental factors affecting nurse staff requirements, two studies [18, 19] ( One UK study assessed the impact of a dedicated specialist psychiatric nurse service on patient outcomes using a before and after crossover design, assessed as weak for both internal and external validity [18] . This staffing intervention had no association with waiting times (hospital 1 p = 0.76 and hospital 2 p = 0.76), repeat attendances or patient satisfaction levels for people with mental health problems; however, there was evidence of difference of the referral of patients with mental health problems seen by the psychiatric nurse service when compared to the pre-intervention period. Patients seen by a psychiatric nurse who were recognized as having mental health problems were more likely to be transferred to a mental health unit than admitted to a medical ward (p<0.001), referred to an outpatient clinic (p=0.027) and less likely to be discharged against medical advice (p=0.001). The study found no association with waiting times, repeat attendances or satisfaction levels for mental health patients.
A retrospective observational study [21] , assessed as weak in terms of internal and external validity, modelled the impact of changing organisational variables on patient care time (time between being seen by a doctor and being admitted to hospital). This reported that a 1% change in the mean number of nurses at hospital level was associated with a 2.4% fall in ED waiting time and that an increase of 1% in the bed capacity was associated with a 3% fall in waiting time.
We found no studies regarding the influence of environmental factors such as physical layout on nurse staffing requirements. 
Effective approaches for identifying nursing staff requirements (review question 6)
Two studies reported on toolkits to determine staffing levels in the ED [22, 23] (Table 3) .
One [23] compared nursing work required against the actual number of nurses in the shift, but did not provide sufficient information to assess the reliability or validity of the tools used. The second tested the validity, reliability and generalizability of the Jones Dependency Tool (JDT) [22] and identified a significant correlation between the JDT and 
Discussion
This review identified a number of outcomes that appear to be associated with nurse staffing levels in ED. While the evidence is not strong, it appears to indicate that levels of nurse staffing in the ED are associated with patients leaving without being seen, emergency department care time and patient satisfaction. Lower staffing is associated with worse outcomes. We did not find strong evidence that waiting times, medication errors, and the rate of aspirin administration or ambulance diversion are affected by nurse staffing levels.
There is conflicting evidence from two weak studies on the association between nurse staffing and time to antibiotics for patients with pneumonia. There was evidence from one study that patients with mental health problems seen by a dedicated psychiatric nurse in an ED were more likely to be transferred to a mental health unit.
At an organisational level, longer lengths of stay for patients in ED were associated with an increase in hospital occupancy, additional patients admitted to the wards and the number patients admitted to ICU from the ED [16] . One study, [21] identified that increases in the number of nurses and doctors, and bed capacity in a hospital was associated with a reduction in the average waiting time in ED. Another study [20] showed that as workload increased, direct and indirect patient care also increased while personal time decreased.
There is no evidence on the effectiveness of toolkits in for identifying staffing requirements although there is a suggestion that the Jones Dependency Tool can be used to determine nursing workload in EDs [22] .
The review has some limitations. The focus and scope of the review was determined by the remit provided by NICE and was necessarily tailored to the UK policy environment.
Nonetheless our findings and conclusions have relevance beyond this context. We limited our search to studies in English, from OECD countries, and only explored those that reported on the observed associations between staffing levels and patient outcomes. We have not reported on simulation and modeling studies as we did not have access to detail of the primary data or relationships used to develop these. However the three simulation studies we 15 examined for the larger NICE review do not alter the conclusions offered in this paper. All the studies reviewed were observational, no randomised controlled trials were identified and this is a significant weakness of study design and therefore of the evidence base.
Furthermore, research exploring associations between staffing levels and outcomes needs to explore thresholds which might help identify adequate staffing levels, rather than only modelling linear associations.
The patient populations and outcome measures varied across the research reviewed, as did the quality of the included studies, which makes generalization problematic. Synthesis of findings was not possible, in part due to the diverse outcomes studied (see Figure 2 ). While clearly no single outcome can fully reflect safe and effective staffing in emergency departments, future research would benefit from a more consistent approach to measurement which may include utilisation measures (waiting times and left without being seen), safety measures (for example drug administration errors) and measures of staff wellbeing (job satisfaction and staff turnover).
Conclusion
There remain significant evidence gaps, notably a lack of evidence on the impact of staffing on direct patient outcomes such as mortality, failure to rescue, never events, time to pain assessment or falls. This is in stark contrast to the evidence base for the association between ward based nurse staffing and patient outcomes, which is large and offers strong evidence that lower nurse staffing levels are associated with higher rates of mortality and failure to rescue in North America, Europe and elsewhere [e.g.24, 25-28] although evidence that this relationship is causal and for relationships with other outcomes remains limited.
[29] Moreover there is no adequate economic evidence that could inform decision making about nurse staffing in emergency departments. Given compelling evidence of association between nurse staffing levels and patient outcomes on inpatient wards, further research is urgently needed to guide decision making about nurse staffing in EDs.
